Cardiovascular system and kidney function are tightly linked. This cardio-renal interaction occurs primarily via hemodynamic factors but also via endogenous humoral factors that are associated with acute or chronic damage of the kidney and/or heart. Furthermore, cardiovascular and renal diseases share the same risk factors, including hypertension, glucose intolerance, obesity, etc. 1,2 Noninvasive assessment of renal hemodynamics is currently possible by analyzing the intrarenal arterial waveforms as measured by Doppler ultrasound. The renal resistive index (RRI), derived from the Doppler pulsatile flow-velocity waveform as ((peak systolic velocity − end-diastolic velocity)/peak systolic velocity), is the most described measure in renal Doppler ultrasonography. 3 Over the last years, RRI has been intensively studied to gain diagnostic and prognostic insights into a variety of renal clinical conditions such as assessment of renal allograft rejection, 4,5 detection and management of renal artery stenosis in hypertensive patients, 6, 7 evaluation of progression in chronic kidney disease, 8 and prediction of renal and composite adverse outcomes in critically ill patients. 9, 10 Although RRI was initially considered to reflect only intrarenal vascular pathological processes, this index is a product of a complex interaction of vascular wall properties and systemic hemodynamic factors, yet most of these factors are insufficiently understood. 3 Recently, a large community-based study reported anthropometric and hemodynamic determinants of RRI such as age, body mass index, and systolic and diastolic blood pressure (BP). 11 Moreover, in hypertensive patients, increased RRI was independently associated with target organ damage, such as left ventricular (LV) hypertrophy and carotid intima-media thickness. [12] [13] [14] 
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Background
The cardio-renal interaction occurs via hemodynamic and humoral factors. Noninvasive assessment of renal hemodynamics is currently possible by assessment of renal resistive index (RRI) derived from intrarenal Doppler arterial waveforms as ((peak systolic velocity − end-diastolic velocity)/peak systolic velocity). Limited information is available regarding the relationship between RRI and cardiac hemodynamics. We investigated these associations in randomly recruited subjects from a general population.
METHodS
In 171 participants (48.5% women; mean age, 52.2 years), using pulsed wave Doppler, we measured RRI (mean, 0.60) and left ventricular outflow tract (LVOT) and transmitral (E and A) blood flow peak velocities and its velocity time integrals (VTI). Using carotid applanation tonometry, we measured central pulse pressure and arterial stiffness indexes such as augmentation pressure and carotid-femoral pulse wave velocity.
rESuLTS
In stepwise regression analysis, RRI independently and significantly increased with female sex, age, body weight, brachial pulse pressure, and use of β-blockers, whereas it decreased with body height and mean arterial pressure. In multivariable-adjusted models with central pulse pressure and arterial stiffness indexes as the explanatory variables, we observed a significant and positive correlation of RRI only with central pulse pressure (P < 0.0001). Among the Doppler indexes of left ventricular blood flow, RRI was significantly and positively associated with LVOT and E peak velocities (P ≤ 0.012) and VTIs (P ≤ 0.010).
To our knowledge, no community-based study explored the relationship of RRI with cardiac hemodynamics. The objectives of the present research were, therefore, to describe in a randomly recruited population sample the determinants of RRI and to investigate the relation of RRI with echocadiographic indexes of left ventricular systolic and diastolic function, central hemodynamics, and arterial characteristics.
METHodS

Study participants
This study is nested in the Flemish Study on Environment, Genes and Health Outcomes (FLEMENGHO), a large family-based population resource on the genetic epidemiology of cardiovascular phenotypes, for which recruitment started in 1985 and continued through 2010. The selection criteria and study design are detailed in the online Data Supplement Methods section. The Ethics Committee of the University of Leuven approved the study and participants provided informed consent.
The FLEMENGHO study is an on-going longitudinal population study and, therefore, the participants were repeatedly visited at home and examined at a local examination center. From October 2012 until June 2013, a scheduled follow-up examination included also renal Doppler ultrasound. From 247 invited participants for this examination, we obtained informed written consent from 181 subjects (response rate 73.3%). Because Doppler renal waveform was of insufficient quality to assess RRI, we discarded 7 subjects from the analysis. Furthermore, 1 participant with atrial fibrillation, 1 renal donor, and 1 person with 2-sided polycystosis were excluded. Thus, the number of participants statistically analyzed totaled 171. In 4 participants, Doppler measurements have been done on 1 kidney because of presence of significant renal pathology at the other kidney including kidney stones, renal cysts, hydronephrosis, and polycystosis.
renal doppler ultrasound
The participants refrained from smoking, heavy exercise, and drinking alcohol or caffeine-containing beverages for at least 3 hours before ultrasound examination. The BP was the average of 2 readings, obtained with a validated OMRON 705IT device (Omron Corp., Tokyo, Japan) at the end of the ultrasound examination.
Renal gray scale and color Doppler ultrasounds were performed by 1 experienced observer (T.K.), using a Vivid E9 ultrasound scanner (GE Vingmed, Horten, Norway) interfaced with a 1.5-to 4.5-MHz convex transducer according to a standardized procedure. 11, 15 Renal imaging was performed with participants in the supine position or, in case of insufficient image quality, in the left or right decubitus position. Intrarenal blood flow of at least 3 segmental/interlobal arteries (superior, middle, and inferior) in each kidney was recorded using Doppler ultrasonography. All recordings included at least 5 cardiac cycles and were digitally stored for off-line analysis.
Two observers independently post-processed renal images of each participant using the EchoPAC software version 112. The RRIs were computed using at least 3 segmental/ interlobal arterial waveforms in each kidney as ((peak systolic velocity − end-diastolic velocity)/peak systolic velocity). The average value of the 2 observers' measurements was used for statistical analysis.
To determine interobserver variability, RRIs were measured in duplicates by 2 observers in 20 subjects. The interobserver variability was estimated using the Bland and Altman's approach. 16 The absolute and relative differences between 2 observers for RRI were 0.001 ± 0.038 and −0.01 ± 6.46%, respectively (Supplementary Figure S1 , panels A and B). Interobserver correlation coefficient for RRI was 0.93 for both kidneys (Supplementary Figure S1 , panel C).
Echocardiography
The complete echocardiographic protocol and reproducibility study are provided in the Data Supplement. Briefly, the same experienced physician (T.K.) did the ultrasound examination, using a Vivid E9 (GE Vingmed) interfaced with a 2.5-to 3.5-MHz phased-array probe. 17 All digitally stored images were analyzed, averaging 3 heart cycles for statistical analysis, using a workstation running the EchoPAC, version 112 software package (GE Vingmed). LV mass index (LVMI) was LV mass divided by body surface area (BSA).
Doppler signal recorded at LV outflow tract (LVOT) from the apical window was used to measure peak LVOT velocity and its velocity time integral (VTI). Stroke volume was calculated from the pulsed wave Doppler velocity profile and the cross-sectional area at the LVOT. Transmitral blood inflow Doppler signals were used to measure peak early (E) and late (A) diastolic velocities, and their VTIs. From the pulsed wave Tissue Doppler Imaging (TDI) recordings, we measured peak early (e′) and late (a′) diastolic mitral annular velocities at the 4 acquisition sites (septal, lateral, inferior, and posterior).
Sphygmocor measurements
The complete protocol for arterial measurements is provided in the Data Supplement. Briefly, all arterial measurements were obtained by an experienced observer, 18 after the participant rested in the supine position for at least 15 minutes. During 8 seconds, the carotid and femoral arterial waveforms were recorded consequently by applanation tonometry, using a high-fidelity SPC-301 micromanometer (Millar Instruments, Inc., Houston, TX) interfaced with a computer running the SphygmoCor software version 8.2 (AtCor Medical Pty. Ltd., West Ryde, New South Wales, Australia). To calibrate the pulse wave, brachial BP was recorded immediately before the tonometric recordings. We used the carotid pressure waveform to derive central hemodynamic parameters. The software returns the central systolic BP and the pressure at the first (P1) and second (P2) peak or shoulder of the carotid waveform. Pulse pressure was defined as the difference between central systolic and diastolic BP. Mean arterial BP was calculated as diastolic BP plus one third of pulse pressure. Augmentation pressure was the difference between P2 and P1. Aortic pulse wave velocity (PWV) was measured by sequential recordings of the arterial pressure wave at the carotid and femoral arteries as previously described. 18 Aortic PWV was calculated as the ratio of the pulse wave distance (in meters) to the transit time (in seconds).
other measurements
Detailed information on other measurements is given in the online Data Supplement Methods section. Venous blood samples were drawn after overnight fasting, in which hemoglobin, hematocrit, blood glucose, total cholesterol, serum sodium, serum potassium, serum uric acid, and serum creatinine were determined by standard clinical laboratory methods. Estimated glomerular filtration rate was calculated using the MDRD formula. 19 
Statistical methods
For database management and statistical analysis, we used SAS software version 9.3 (SAS Institute, Cary, NC). Normality was evaluated by computation of skewness and kurtosis coefficients. The central tendency and the Values are mean ± SD or number of subjects (%) or median (10%-90% percentile). P values are for the differences between men and women.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; BP, blood pressure; CCB, calcium channel blockers; eGFR, estimated glomerular filtration rate.
a Blood pressure and heart rate were measured after echocardiographic examination in supine position. b Cardiac disease included symptomatic heart failure (n = 2) and coronary heart disease (n = 7).
at KU Leuven University Library on March 17, 2015 http://ajh.oxfordjournals.org/ Downloaded from spread of the data are reported as mean ± SD or as median and 10%-90% percentiles. We compared means, medians, and proportions by means of the 2-sample t-test, the Wilcoxon rank-sum test, and the chi-square test, respectively. Significance was P < 0.05 on 2-sided test. We searched for variables associated with RRI measured on a continuous scale using stepwise linear regression. The anthropometrics and hemodynamic variables considered for entry in the models were sex, age, body height, body weight, waist circumference, body mass index, heart rate, systolic and diastolic BP, pulse pressure, mean arterial pressure, total cholesterol, serum uric acid, serum creatinine, estimated glomerular filtration rate, kidney length, current smoking and drinking, and class of antihypertensive drug treatment (diuretics, renin-angiotensin system blockers, β-blockers, and calcium channel blockers). P values for independent variables to enter and to stay in the models were set at 0.05. We ran regression diagnostics to exclude possible collinearity, which affects the stability and inflates the standard errors of the regression parameters. We used multiple linear regression analysis to investigate the associations between RRI and explanatory variables, while adjusting for covariables identified in stepwise linear regression. We expressed multivariableadjusted effect sizes for a 1-SD increase in the explanatory variables. The 171 participants included 83 (48.5%) women and 88 (51.5%) hypertensive participants of whom 50 (29.2%) were on antihypertensive drug treatment. Mean age was 52.2 ± 14.0 years. In our study, 50 (29.2%) participants were on one or more antihypertensive drugs (β-blockers, 25 patients; diuretics, 20 patients; calcium channel blockers, 12 patients; ACE inhibitors or angiotensin receptor blockers, 17 patients). Table 1 lists the clinical and biochemical characteristics of the participants by sex. Men had higher body height, body weight, alcohol use, β-blockers use, and prevalence of cardiac disease compared to women (Table 1) . Overall, 7 subjects (4.1%) had renal insufficiency (estimated glomerular filtration rate < 60 ml/min per 1.73 m 2 ). Hematocrit, blood glucose, serum uric acid, and serum creatinine were higher in men than in women (Table 1) . Table 2 presents the hemodynamic, arterial, and echocardiographic characteristics of the participants by sex. In this cohort, women had higher central augmentation pressure than men (Table 2 ). All echocardiographic structural measurements were greater in men than in women (Table 2) . Men had higher LV outflow stroke volume than women, whereas women had higher transmitral Doppler diastolic flow velocities (E and A velocity peaks and A VTI) compared to men (Table 2) .
rri and its determinants Figure 1 shows the distribution of RRI of left and right kidney and the RRI averaged for both kidneys. The distributions of RRI were positively skewed (P ≤ 0.01) with the coefficients of skewness ranging between 0.41 and 0.54 (Figure 1 ). In the entire population, mean RRI was 0.59 ± 0.062, 0.60 ± 0.058, and 0.60 ± 0.059 for left, right, and for both kidneys, respectively. For the further statistical analyses, we averaged the RRI measurements of left and right kidneys. Renal length was greater in men than in women, whereas women had higher RRI (Table 2) .
Supplementary Tables S1 and S2 list the characteristics of participants by tertiles of the distribution of RRI. In an univariate analysis, the averaged RRI correlated significantly with age, body height, systolic BP, and pulse pressure (Supplementary Figure S2) . In stepwise regression analysis, RRI independently and significantly increased with age, female sex, body weight, and peripheral pulse pressure, whereas averaged RRI decreased with body height and mean arterial pressure (Table 3) . We also noticed that, after adjustment, RRI was higher in participants treated with β-blockers ( Table 3 ). The covariables in the final model explained 67.6% of the total variance of RRI. Most of the total variance of RRI was explained by age (38.8%). Table 4 presents the relationship of RRI with central hemodynamics and arterial characteristics, while accounting for age, sex, body height, body weight, and use of β-blockers. In an adjusted model with central systolic BP as the explanatory variable, we introduced diastolic BP as an additional covariable. In model with central pulse pressure as the explanatory variable, we entered mean arterial pressure as an additional covariable. We observed significant and positive correlations of RRI with central systolic BP (P = 0.021) and central pulse pressure (P < 0.0001) ( Table 4) . For a 1-SD increase in central systolic BP and central pulse pressure, RRI increased by 0.010 and 0.029, respectively. Central systolic BP and central pulse pressure explained 5.0% and 14.4% of the variances in the RRI, respectively, that was not yet explained by other covariables. The covariables considered for entry into the stepwise regression model were sex, age, body height, body weight, waist circumference, body mass index, heart rate, systolic and diastolic blood pressure, pulse pressure, mean arterial pressure, total cholesterol, serum uric acid, serum creatinine, eGFR, kidney length, current smoking and drinking, and class of antihypertensive drug treatment (diuretics, renin-angiotensin system blockers, β-blockers, and calcium channel blockers). We set the P values for covariables to enter and to stay in the regression models at 0.05. Values are mutually adjusted partial regression coefficients ± SE, 95% confidence intervals, and P values. Variance inflation factors (VIF) were ≤2.00 for all explanatory variables with exception of VIF for body height (VIF = 2.85).
relation of rri with central hemodynamics and arterial characteristics
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; RRI, renal resistive index.
at KU Leuven University Library on March 17, 2015 http://ajh.oxfordjournals.org/ Downloaded from Figure 2 shows the correlations between the adjusted RRI and the adjusted central systolic BP and central pulse pressure (P < 0.0001). While adjusting for the important covariables including central pulse pressure and mean arterial pressure, we did not observe any significant association between RRI and arterial characteristics such as augmentation pressure and aortic PWV ( Table 4) . Table 4 lists the relationship between RRI and echocardiographic indexes, while accounting for age, sex, body height, body weight, pulse pressure, mean arterial pressure, and use of β-blockers. RRI was not associated with any of the echocardiographic indexes reflecting LV structure (P ≥ 0.40) ( Table 4) . We observed significant and independent associations between RRI and Doppler indexes characterizing blood flow during systole such as LVOT peak velocity, LVOT VTI, and LV stroke volume (Table 4) . For a 1-SD increase in LVOT peak velocity, LVOT VTI, and LV stroke volume, RRI increased by 0.0065, 0.0088, and 0.0071, respectively. Furthermore, RRI was directly and significantly associated with transmitral Doppler diastolic indexes such as E velocity, E VTI, and E/A ratio (P ≤ 0.0027) ( Table 4) . For a 1-SD increase in E peak, E VTI, and E/A, RRI increased by 0.0097, (Table 4) . We repeated our analyses after exclusion of subjects on antihypertensive drugs. In 121 untreated subjects, our findings remained consistent (Supplementary Table S3 ). The adjusted RRI significantly correlated with the adjusted LVOT peak velocity (r = 0.19) and LVOT VTI (r = 0.23) (Figure 3) . Moreover, significant correlations were observed between the adjusted RRI and diastolic Doppler indexes with Pearson coefficients ranging between 0.17 and 0.22 ( Figure 3 ).
relation of rri with echocardiographic parameters
diScuSSion
The key finding of this study was that RRI was significantly and independently associated with central pulse pressure and intracardiac Doppler blood flow indexes. In our population study, for the first time, we described the relation between renal and cardiac Doppler blood flow waveforms. Furthermore, in our study, we reported other anthropometric and hemodynamic determinants of RRI that are in line with previous reports in the general population, 11 hypertensive patients, 14 and renal allograft recipients. 5 In particular, we found that in our cohort, RRI significantly and independently increased with female sex, age, peripheral pulse pressure, and body weight and decreased with body height and mean arterial pressure. Moreover, RRI significantly and independently increased with use of β-blockers.
Previous studies showed that the Doppler arterial waveform signal obtained in the intrarenal arteries is the product of a complex interaction between a number of factors such as systemic hemodynamics and peripheral vascular resistance and compliance. 3 Indeed, experimental studies demonstrated that impaired renal vascular compliance and increased pulse pressure lead to significant changes in RRI of isolated perfused rabbit kidneys. 20, 21 Peripheral arterial resistance is a main determinant of mean arterial pressure and depends on the physical characteristics of the arterial tree. On the other hand, the pulsatile component, represented by pulse pressure, depends on compliance of aorta and large arteries. The aortic walls elastically expand to accommodate the ejected blood during systole and, therefore, dampen pulsatility and maintains a continuous blood flow from the heart to the periphery. With aging, the rigidity is more pronounced in the aorta than in peripheral conduit arteries, leading to less protection of the microcirculation from high-pressure transmission in organs with high resting flow, such as the kidneys. 22 In fact, increased pulsatile stress leads to tearing of endothelial and smooth muscle cells of small arteries in kidney. 23 Along these lines, several studies have shown that pulse pressure is an independent prognostic factor for cardiovascular mortality and morbidity in patients with chronic kidney disease 24 and in renal transplant patients. 25 To our knowledge, only 2 previous reports in hypertensive patients 26, 27 addressed the associations of RRI with central pulse pressure and arterial stiffness. In keeping with our observations, these studies 26,27 demonstrated significant association between RRI and aortic pulse pressure independent of other covariables. Similar to our findings, no significant associations were observed with arterial stiffness indexes such as augmentation pressure and carotid-femoral pulse wave velocity after adjustment for important covariables including age. 26, 27 In addition to vascular properties and central pulse pressure, another important factor influencing the Dopplerbased RRI is renal blood flow. 28 The kidney is one of the peripheral territories with the highest perfusion because of its pivotal role in the metabolic balance. In fact, kidneys receive approximately 15%-25% of total cardiac output via renal arteries depending on the state of body and the volume of blood that the LV ejects. Using Doppler echocardiography, we could also quantify intracardiac blood flows through quantification of blood velocities during systole and diastole. 29 Previous studies showed that changes in the total circulating volume (preload) significantly influenced Doppler blood flow velocity profiles. 30, 31 So far, only 1 study 32 in 99 patients with treated essential hypertension investigated the relationship between RRI and the velocity ratio of atrial filling to early diastolic LV filling (A/E ratio). However, in this study, the authors did not observe an independent association between RRI and LV transmitral A/E ratio. 32 Moreover, the authors did not investigate associations between RRI and peak early LV diastolic flow velocity or LV peak systolic velocity and their VTIs. 32 Thus, to our knowledge, our study was the first to assess in a general population the correlation between RRI and Doppler indexes of LV peak systolic and diastolic blood flow velocities. With adjustments applied, we demonstrated in continuous analyses that RRI significantly increased with systolic and early diastolic intracardiac Doppler blood flow. Our findings imply that exposure of small renal arteries to high blood flow in addition to high pulsatile pressure leads to increased RRI and might in long run result to microvascular damage and, therefore, renal insufficiency. 23 Along these lines, recent study in hypertensive patients 33 demonstrated that impairment of renal hemodynamics as assessed by increased RRI was associated with an increased risk of cardiovascular and renal outcomes.
The present study must be interpreted within the context of its potential limitations. First, echocardiographic measurements are prone to measurements errors due to bad visualization, signal noise, and acoustic artifacts. In the present study, only 1 experienced observer recorded all cardiac and renal ultrasound images for off-line analyses. Furthermore, digitally stored renal images were centrally post-processed using dedicated software by 2 observers in duplicate. Second, our sample size was smaller than in published studies in general population 11 or in hypertensive patients. [12] [13] [14] We, therefore, could not rule out that the associations of RRI with some indexes reflecting arterial stiffness and LV structure that failed to reach statistical significance were due to a type II error. However, the research question addressed in this study and our conclusions were expanding the findings of previous publications. [11] [12] [13] [14] Third, the cross-sectional design of the study does not allow for a causal interpretation of the relationships found.
In conclusion, we demonstrated that in unselected subjects, RRI was significantly associated with central pulse pressure and LV systolic and diastolic Doppler blood flow indexes. Our findings imply that the interaction between the heart and peripheral circulation in the kidney is a complex physiological phenomenon. In addition to renal vascular properties, the anthropometric and cardiac hemodynamic factors influenced the intrarenal arterial Doppler waveform patterns. Further longitudinal population studies are required to clarify whether early detection of Doppler changes in intrarenal arteries might yield an improvement in the adverse cardiovascular and renal outcome in general population.
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rEFErEncES
Supplemental Methods
Study Design
This study is nested in the Flemish Study on Environment, Genes and Health Outcomes (FLEMENGHO), a large family-based population resource on the genetic epidemiology of cardiovascular phenotypes, for which recruitment started in 1985 and continued through 2010. The FLEMENGHO study consists of a random population sample stratified by sex and age from a geographically defined area in northern Belgium. The initial participation rate was 78.0% (1) . Seven Belgian municipalities provided listings of all inhabitants sorted by address.
Households, subjects living at the same address, were the sampling unit. They were numbered consecutively and a random number list was generated by a SAS randomisation function (SAS Institute, Car, NC). Households with a list matching number were invited. The Ethics Committee of the University of Leuven approved the study and participants provided informed consent.
Echocardiography
The participants refrained from smoking, heavy exercise, and drinking alcohol or caffeinecontaining beverages for at least 3 hours before echocardiography. The blood pressure during echocardiography was the average of two readings, obtained with a validated OMRON 705IT device (Omron Corp., Tokyo, Japan) at the end of the echocardiographic examination.
Data Acquisition
One experienced physician (T.K.) did the ultrasound examination, using a Vivid E9 (GE Vingmed, Horten, Norway) interfaced with a 2.5-to 3.5-MHz phased-array probe, according to the recommendations of the American Society of Echocardiography (2) . With the subjects in partial left decubitus and breathing normally, the observer obtained images, together with a simultaneous ECG signal, along the parasternal long and short axes and from the apical 4- 
Off-Line Analysis
One experienced physician (T.K.) analyzed digitally stored images, averaging 3 heart cycles for statistical analysis, using a workstation running the EchoPac, version 112 software package (GE Vingmed, Horten, Norway). The LV internal diameter and interventricular septal and posterior wall thickness were measured at end-diastole from the 2 dimensionally guided M-mode tracing according to guidelines (2) . When optimal orientation of M-mode ultrasound beam could not be obtained, the reader performed linear measurements on correctly oriented two-dimensional images. End-diastolic LV dimensions were used to calculate LV mass by an anatomically validated formula (3). LV mass index (LVMI) was LV mass divided by body surface area (BSA), calculated as body weight 0.425 (in kg) x body height 0.725 (in cm) x 0.007184. We measured left atrial (LA) dimensions in 3 orthogonal planes: the parasternal long, lateral, and supero-inferior axes. LA volume was calculated using the prolate-elipsoid method and was indexed to BSA (4).
Doppler signal recorded at the LVOT was used to measure peak LVOT velocity and its velocity time integral (VTI). Stroke volume was calculated from the pulsed-wave Doppler velocity profile and the cross sectional area at the LVOT. From the transmitral flow signal, we measured peak early diastolic velocity (E), peak late diastolic velocity (A), and their VTIs.
From the TDI recordings, we measured peak early (e') and late (a') diastolic mitral annular velocities at the 4 acquisition sites (septal, lateral, inferior, and posterior).
Reproducibility
To determine intra-observer reproducibility, the experienced echocardiographists (T.K.)
analyzed the echocardiograms of 17 subjects twice. Intra-observer reproducibility coefficient of a measurement was the 2SD interval about the mean of the relative differences across pairwise readings. The intra-observer reproducibility was 2.2% for LV internal end-diastolic diameter, 4.6% for LV wall thickness, 4.3% for LV mass. For conventional Doppler parameters, the reproducibility was 5.0% for transmitral E peak, 6.6% for transmitral A peak, 6.3% for LVOT peak velocity and 6.4% for LVOT VTI. For tissue Doppler velocities, as reported previously, the reproducibility across the four sampling sites ranged from 4.5% to 5.3% for e' velocities and from 4.0% to 4.5% for a' velocities.
SphygmoCor Measurements
All arterial measurements were obtained by an experienced observer according standardized Systolic and diastolic brachial blood pressure was the average of three consecutive obtained readings, using a validated OMRON 705CP oscillometric sphygmomanometer (Omron Inc., Kyoto, Japan). A standard cuff of 22x12 cm with an inflatable bladder was used for subjects with an arm circumference of less than 32 cm. For greater arm circumferences, a cuff with a 35x15 cm bladder was used.
We used the carotid pressure waveform to derive central hemodynamic parameters.
The software returns the central systolic blood pressure and the pressure at the first (P1) and second (P2) peak or shoulder of the carotid waveform. Pulse pressure was defined as the difference between central systolic and diastolic blood pressure. Mean arterial blood pressure was calculated as diastolic blood pressure plus one third of pulse pressure.
Augmentation pressure was the difference between P2 and P1, and the augmentation index (cAI) was the ratio of augmentation pressure to central pulse pressure, expressed as a percentage. Aortic pulse wave velocity (PWV) was measured by sequential recordings of the arterial pressure wave at the carotid and femoral arteries as previously described (5).
Distances were determined from the carotid sampling site to the suprasternal notch (distance A) and from the suprasternal notch to the femoral artery (distance B). PWV distance was calculated as distance B minus distance A. Pulse transit time was defined as the time interval between initial increase in carotid and femoral waveforms and was averaged over 10 consecutive beats. Aortic PWV was calculated as the ratio of the pulse wave distance (in meters) to the transit time (in seconds).
Other Measurements
At the examination centre, trained study nurses administered a questionnaire to collect detailed information on each subject's medical history, smoking and drinking habits, and intake of medications. Hypertension was a blood pressure of at least 140 mm Hg systolic or 90 mm Hg diastolic (average of 5 consecutive auscultatory readings at the examination centre) or the use of antihypertensive drugs. Body mass index was weight in kilograms divided by the square of height in meters. Obesity was a body mass index of 30 kg/m² or higher.
Blood venous samples were drawn after overnight fasting, in which haematocrit, blood glucose, total cholesterol, serum sodium, serum potassium, serum uric acid (SUA) and serum creatinine were determined by standard clinical laboratory methods. Estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula (6) . Renal failure was defined as an eGFR <60 ml/min per 1.73m² body surface in combination with a serum creatinine level >133 µmol/L for men and >124 µmol/L for women. Diabetes was defined as a fasting blood glucose level of more than 7.0 mmol/L or use of antidiabetic agents.
Supplemental Table S1 . Values are mean±SD or number of subjects (%) or median (10%-90% percentile). P values are for the differences in prevalence rates or means across tertiles of the RRI distribution. *Blood pressure and heart rate were measured after echocardiographic examination in supine position. ** Cardiac disease included heart failure (n=2) and ischemic heart disease (n=7). BP, blood ressure; CCB, calcium channel blockers; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; eGFR, estimated glomerular filtration rate. 
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